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LOW GLYCEMIC INDEX BREAD 

Background 

Insulin resistance is the inability of the body to control blood glucose with 
normal levels of insuHn. Insuhn resistance can advantageously be reduced by 
consumption of diets high in foods with low glycemic indexes. The glycemic index (GI), 
which is an indication of the effect of a particular food product on a person's blood 
sugar, is the area under the curve of the glucose response to a carbohydrate-containing 
food compared to either a specific glucose dose or a specific amount of white bread. A 
growing body of research has shown that diets based on low GI foods can reduce the 
risk of diabetes, heart disease and certain cancers, can improve blood glucose control 
in people with diabetes, can reduce high blood fat levels, and can be useful for weight 
control. Because bread is a staple item in many diets, it would be desirable to produce 
g a bread product that has a low glycemic index while not significantly sacrificing the 

^ bread quality characteristics, including density, texture, flavor and nutrition. A low 

t GI bread product is generally considered to have a GI value of about 55 or less, 

H compared to, for example, white sandwich bread, which has a GI value of about 70 U> 

P 80, based on glucose having a GI value of 100. 



Summary 

P The present invention is directed to a baked bread product that has a low 



^- glycemic index and to a composition useful for making the bread product. As used 

p herein, the term "bread product" is not hmited to bread, but refers to other bread-type 

products, including rolls and bagels. In one embodiment, the invention is directed to 
a baked bread product comprising a wheat flour product, a grain/seed source of soluble 
fiber, and a processed source of soluble fiber. The bread product has a total soluble 
fiber content of at least about 0.8 wt.% on a 42% moisture basis and a total beta-glucan 
content of at least about 0.2 wt.% on a 42% moisture basis. 

In another embodiment, the invention is directed to a composition useful for 
making a low glycemic index bread product. The composition comprises a wheat flour 
product, a grain/seed source of soluble fiber, and a processed source of soluble fiber. 
The composition contains an amount of grain, nuts, and/or seeds of sufficient size so 
that at least about 20 wt.% of the total of the grain, nuts and/or seeds in the 
composition is retained by a sieve having a 12 US mesh sieve size. 
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Detailed Description 

The present invention is directed to a baked bread product that has a low 
glycemic index and to a composition useful for making a low glycemic index bread 
product. The low glycemic index bread product according to the invention contains a 
wheat flour product, a grain/seed source of soluble fiber, and a processed source of 
soluble fiber. The bread product has a total soluble fiber content of at least about 
0.8 wt.«/o on a 42% moisture basis and a total beta-glucan content of at least about 
0.4 wt.% on a 42% moisture basis. 

The composition useful for making the bread product contains a wheat flour 
product, a grain/seed source of soluble fiber, and a processed source of soluble fiber. 
The composition is sufficiently coarse such that at least about 20 wt.%, preferably at 
least about 40 wt.%, of the total of any grain, nuts and seeds (which excludes whole 
wheat flour) in the composition is retained by sieve having a 12 US mesh sieve size. 
The wheat flour product comprises whole wheat flour and/or wheat flour 
a Preferably the wheat flour product comprises at least about 50 wt.% whole wheat flour 

j: more preferably at least about 100 wt.% whole wheat flour, based on the total weight 

gi of the wheat flour product (i.e., the total amount of flour in the baked bread product or 

the bread composition). The wheat flour product is included in the baked bread product 
^ m an amount preferably ranging from about 30 wt.% to about 50 wt.%. more preferably 

P fi:om about 40 wt.% to about 45 wt.%. If desired, the composition and bread product can 

0^ further comprise one or more other flours, including rye flour, whole grain rye flour 

P durum flour, whole grain durum flour, barley flour, whole grain barley flour, oat flour,' 

whole grain oat flour, spelt and whole grain spelt flour. 

Whole wheat flour is particularly preferred because it is higher in fiber than for 
example, wheat flour or rye flour. The baked bread product of the invention preferably 
contains at least about 6 wt.%, more preferably at least about 7 wt.%, still more 
preferably from about 7.2 wt.% to about 8.5 wt.%, yet more preferably about 7.9 wt % 
total dietary fiber, on a 42% moisture basis, which is based on the total moisture 
content of the baked bread product. AdditionaUy, the bread product preferably has a 
soluble fiber content of at least about 0.8 wt.%, more preferably at least about 1.0 wt % 
still more preferably fi-om about 1.0 wt.% to about 1.6 wt.%, even more preferably about 
1.3 wt.%, on a 42% moisture basis. The total insoluble fiber content of the baked bread 
product preferably ranges from about 6.0 to about 6.9 wt.%. The baked bread product 
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has a total beta-glucan content of at least about 0.2 wt.%, more preferably from about 
0.4 to about 0.8 wt.%, on a 42% moisture basis. 

The bread composition preferably has a total soluble fiber content of at least 
about 0.7 wt.%, more preferably at least about 0.9 wt.%, still more preferably from 
about 0.9 wt.% to about 1.4 wt.%, even more preferably about 1.1 wt.%. The 
composition preferably has a total beta-glucan content of at least about 0.2 wt.%, more 
preferably at least about 0.4 wt.%. 

Whole wheat flour contains more dietary fiber than wheat flour. Accordingly, 
to the extent that the amount of whole wheat flour in the wheat flour product 
decreases, it is desirable to supplement the bread product and composition with one or 
more sources of processed fiber, including, but not limited to, oats, soy, corn, wheat, 
barley, peas and cottonseed. In one preferred embodiment, the composition and bread 
it , I, product include soy protein concentrate or soy protein isolate extruded into crisp pieces, 
clusters or nuggets. In addition, or in the alternative, the fiber content of the bread 
product or composition can be increased by increasing the amount of grain/seed sources 
of soluble fiber, which are discussed in more detail below. 
SI The presence and type of the soluble fiber in the bread can cause the bread to be 

4= digested slower, and thus increasing the amount of certain types of soluble fiber can aid 

in decreasing the GI index of the bread. Notably, more viscous soluble fiber sources 
p have been found to be more beneficial in aiding to lower the GI index. However, in 

selecting the desired amount of soluble fiber in the bread, it should be recognized that 
3 there is a tradeoff between lowering the GI value and enhancing the bread quality 

characteristics, namely, reducing the density of the bread. For example, a bread having 
1.6% soluble fiber would likely have a lower GI value than a bread having 1.3% soluble 
fiber, but the 1.3% soluble fiber bread would be less dense. When the baked bread 
product of the invention is in the form of bread or a roll, preferably it has a density 
(specific volume) from about 3.5 to about 4.5 cc/gram, more preferably from about 3.5 
to about 4.0 cc/gram. When the baked bread product is in the form of a bagel, 
preferably it has a density from about 2.5 to about 3.5 cc/gram, more preferably from 
about 2.75 to about 3.25 cc/gram. 

To improve the bread quality characteristics, including the GI value, the bread 
includes both a grain/seed source of soluble fiber and a processed source of soluble fiber. 
If only a processed source of soluble fiber is included, a relatively large amount would 
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need to be used to achieve the desired soluble fiber content, thereby reducing the bread 
quahty. 

The grain/seed source of soluble fiber is any grain-type, nut-type or seed-type 
source of soluble fiber or a mixture thereof. Examples of suitable grain-type and seed- 
type sources of soluble fiber include wheat, rye, oats, barley (such as standard barley 
and waxy huUess barley, for example, the merlin, waxbar and prowashonupana 
varieties), triticale, corn, soy, rice, flaxseeds, sunflower seeds, miUet, buckwheat, 
amarath, spelt and mixtures thereof. Examples of suitable nut-type sources include 
almonds, hazelnuts, walnuts, pecans and mixtures thereof. The inclusion of the 
grain/seed source of soluble fiber not only increases the nutritional value of the bread, 
but can enhance the flavor and/or texture of the bread. The grain/seed source of 
soluble fiber is preferably high in beta-glucan. Examples of grain/seed source of soluble 
fiber high in beta-glucan include oat, oat bran, rye, barley, barley bran and flaxseed. 
P The grain/seed source of soluble fiber is present in the composition in a total amount 

preferably ranging from about 4 to about 12 wt.%, more preferably ranging firom about 
6 to about 11 wt.%, still more preferably fi:om about 8 to about 10 wt.%. 

The processed source of soluble fiber is a type of soluble fiber other than a 
grain/seed source of soluble fiber, as defined above. Examples of processed sources of 
fiber suitable for use in the invention include refined gums (including partially 
hydrolyzed gums), extracts high in pectin, herb extracts (such as psyllium), beta-glucan 
II extracts from grains and mixtures thereof. Preferred refined gums include guar gum 

O (including partiaUy hydrolyzed), apple pectin and citrus pectin. A particularly 

preferred extract that is high in pectin is apple pectin concentrate. Beta-glucan 
extracts from grains that are useful in the invention include oat beta-glucan 
concentrate, barley beta-glucan concentrate, and rye beta-glucan concentrate. The 
processed source of soluble fiber is present in the composition in a total amount 
preferably ranging fi-om about 0.05 to about 0.5 wt.%, more preferably ranging fi-om 
about 0.05 to about 0.2% wt.%, still more preferably from about 0. 1 to about 0.015 wt.%. 
However, the amount of the processed source of soluble fiber is particularly dependent 
on the particular type of processed source of soluble fiber, and thus the amount can 
vary as desired. 

To slow digestion of the baked bread product, and thus lower the GI value, the 
bread composition should be sufficiently coarse. In other words, the composition should 
contain an amount of grain, nuts, and/or seeds of sufficient size so that at least about 
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20 wt.%, preferably at least about 40 wt.%, of the total of any grain, nuts and seeds in 
the composition is retained by a sieve having a 12 US mesh sieve size. In a particularly 
preferred embodiment, at least 75 wt.%, more preferably at least about 95 wt.%, of the 
total of any grain, nuts and seeds in the composition is retained by a sieve having a 20 
US mesh sieve size. The coarseness of the grain, nuts and seeds can be enhanced, for 
example, by using coarse flour, using whole or cracked grains and/or by including soy 
protein isolate extruded into crisp pieces, clusters or nuggets. 

The bread composition preferably contains other suitable bread ingredients, 
including yeast, vital wheat gluten, sweetener, oil, lecithin, salt, and additives! 
Examples of suitable sweeteners include sucrose, high fructose corn syrup, brown 
sugar, honey, molasses, malt syrup or powder, raisin juice concentrate, fructose, fruit 
juice, and fruit juice concentrates. Preferably the bread composition does not include 
M dextrose (glucose) as a sweetener, and sweeteners that contain high levels of dextrose, 

jj such as high fructose corn syrup, need to be Hmited. Preferably the majority of the 

p added sugar in the composition will be in the form of sucrose or fructose. The bread 

J product can also include fruit and/or flavorings to enhance the flavor or texture of the 

SI product. However, the type and amount of fruit should be controlled so as not to 

f 20 ^"^"^'"'^^^ ^"^P^"^ If desired, dough conditioners and/or preservatives can 

be included in the bread composition, as would be understood by one skiUed in the art. 

^^^®d products in accordance with the invention can made by any suitable 
method, including the sponge and dough method and the straight dough method, as 
weU as modifications of these methods. The sponge and dough method typically 
produces breads with better flavor and better shelf-life characteristics compared to 
breads made by the straight dough method. Optimal bread quahty and shelf-life are 
obtained when the compositions according to the invention are made by the sponge and 
dough method where the grain/seed and non-grain/seed sources of soluble fiber are 
added in the sponge stage of the process. 

In the sponge and dough method, a two-step mixing process is utilized. Initially 
part of the ingredients (part of the total flour, grain mix, yeast and water) of the bread 
composition are mixed into a "sponge" and allowed to ferment for approximately 3 to 
4 hours at 86°F, 85% relative humidity. After the sponge fermentation is complete, the 
remainder of the ingredients are added to the sponge, and the second mixing step is 
conducted to form a dough. The dough is mixed at a suitable speed and for a suitable 
time to produce full development of the resulting dough product. The dough is allowed 
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to rest in bulk for approximately ten minutes prior to being mechanically divided and 
scaled to the appropriate weight. The divided dough pieces are rounded and allowed 
to rest for about 5 to 10 minutes prior to machine moulding. The moulded dough pieces 
are placed in an appropriate pan for the given dough weight and placed in a proof box, 
preferably set at about 110°F with proper humidity. After the dough has proofed to 
the appropriate height for the given pan, the pans are loaded into an oven and baked 
at approximately 350 to 400°F for about 20 to 30 minutes, depending on the weight of 
the dough and the type of oven, as would be recognized by one skilled in the art. The 
baked bread products are immediately depanned and aUowed to cool for a sufficient 
period of time, for example, one hour, before being bagged. 

Alternatively, if the straight dough process is utiUzed, all of the ingredients in 
the composition are mixed into a dough in a single mixing step, and the sponge is 
eliminated. The dough is allowed to ferment for a suitable period of time, preferably 
from about 30 minutes to about 2 hours, more preferably about 1 hour, prior to being 
divided, scaled and processed as indicated above for the sponge and dough method. 
When using the straight dough method, it is Hkely that the amount of water and yeast 
g1 may need to be increased somewhat relative to what is used when the sponge and 

4" dough method is utilized. 



fj EXAMPLES 

Examples 1 tn 4 

II ^^e^d products were made having the compositions as set forth in Table 1, 

where each component is indicated as a percentage of the total wheat flour (percentage 
on a total flour basis). A separate composition is hsted for the grain mix used in each 
example, and in that case, the percentage is based on the total weight of the grain mix 
(total grain mix basis). For each bread product, the sponge and dough method was 
employed. For each sponge, the hquid ingredients followed by the dry ingredients were 
placed in a Hobart 12 quart mixer with a McDuffy bowl attachment. The sponges were 
mixed on low speed for 1 min and then on high speed for 4 min at a set temperature of 
about 74°F. The sponges were allowed to ferment in a cabinet for 3 hours at 86°F, 85% 
relative humidity. The sponges were then introduced to a mixing bowl containing the 
dough ingredients and mixed with the dough ingredients for 1 minute on low speed and 
8 minutes on high speed, with a finished dough product temperature of 80°F. The 
dough products were divided into 27.5 ounce pieces, round by hand and allowed to rest 
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for five minutes prior to sheeting/moulding. The dough products were sheeted/moulded 
on an Oliver model 645-24B sheeter/moulder with the top sheeting roll on setting 2.2 
and the bottom sheeting roU on setting 3.2. The pressure places and guides were 
adjusted to give proper moulding and the proper length dough piece for the pan. The 
pan utilized has the following dimensions: top inside - 8.75 inches x 5.5 inches; bottom 
outside 8.13 inches x 5 inches; and depth - 3 inches. The molded dough was placed in 
the pan seam side down, and the panned dough was placed in a proof cabinet at 1 10°F, 
85% relative humidity. The dough products were removed from the cabinet after the 
dough obtained a height of inch above the pan, which took approximately one hour. 
The dough products were baked in a rotating gas oven at 400°F for about 28 minutes. 
The baked bread products were immediately depanned and allowed to cool on racks at 
room temperature for approximately 45 minutes prior to slicing on a reciprocating 
sheer (^2 inch sUce thickness) and bagging in polyethylene bags. 

Table 1 
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Ex. 1 


Ex.2 


Ex.3 


Ex. 4 


Sponge 










Stoneground Whole Wheat Flour - Fine 


60.0% 


60.0% 






Stoneground Whole Wheat Flour - Coarse 






35.5% 


40.0% 


Grain Mix 


25.0% 


25.0% 


25.0% 


25.0% 


Vital Wheat Gluten 


14.0% 


14.0% 


7.0% 


7.0% 


Compressed Yeast 


3.0% 


3.0% 


3.2% 


3.2% 


Ascorbic Acid 


30 ppm 


30 ppm 


30 ppm 


30 ppm 


Water 


66.5% 


66.5% 


43.5% 


48.0% 


Dough 










Stoneground Whole Wheat Flour - Fine 


40.0% 


40.0% 


64.5% 


40.0% 


Stoneground Whole Wheat Flour - Coarse 








20.0% 


Brown Sugar, Light 


11.6% 


11.6 


8.0% 


13.0% 


Honey 


5.4% 


5.4% 


4.0% 


3.0% 


Raisin Juice Concentrate 


2.3% 


2.3% 


3.5% 




Molasses, Dry 






1.4% 
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Yeast 


2.0% 


2.0% 


1.0% 


2.0% 


bait 


2.0% 


2.0% 


2.0% 


2.0% 


Ascorbic Acid 


120 ppm 


120 ppm 


120 ppm 


120 ppm 


Water 


27.5% 


27.5% 


48.5% 


44.0% 


Grain Mix 










Waxy HuUess Barley, cracked (Merlin) 


33.2% 




50.0% 


39.0% 


Waxy HuUess Barley, cracked 
(Frowashonupana) 




33.5% 






Kye, cracked 


21.4% 


21.4% 




2.5% 


Wneat, crushed 






42.2% 




i^oy, grits (full fat type) 








7.5% 


Uats, cracked 


10.6% 


10.6% 






Oats, steel cut 








3.2% 


Oorn Grits, coarse 


10.6% 


10.6% 






"Cl Ill 

1* laxseed, whole 


10.6% 


10.6% 




10.0% 


1 riticale, cut 


7.1% 


7.1% 




2.5% 


uanola oil 


4.3% 


4.3% 


4.0% 


4.0% 


Lecithin (Blendmax K, Central Soya) 






2.5% 


2.5% 


Lecithin (^CpntrnhlV F Piarifval Qr^xroN 


1 AO/ 

1.0% 


1.0% 






Apple Extract (Herbapeck SF08) 


1.25% 




1.3% 


1.3% 


Guar Gum 




0.9% 






GI VALUE (Glucose = 100) 


44 ±5 


50±3 


52 ±3 


52 ±4 



The fine stoneground whole wheat flour used in the exemplary compositions had 
the following granulation: 



On US 20W: 
On US 40W: 
On US 60W: 
On US 80W: 
On US 20W: 
Pan: 



0% Maximum 
5.0% ± 5.0% 
10.0% ± 5.0% 
20.0% ± 5.0% 
15.0% ± 5.0% 
50.0% ± 5.0% 
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The coarse stoneground whole wheat flour used in the exemplary compositions 
had the following granulation: 

On US 20W: 20.0% ± 5.0% 
5 OnUS40W: 30.0% ±5.0% 

On US 60W: 15.0% ± 5.0% 
On US SOW: 10.0% ± 5.0% 
On US 20W: 5.0% ± 5.0% 
Pan: 20.0% ± 5.0% 

The GI values for the baked bread products of the above examples, set forth in 
Table 1 above, were determined by Sydney University's Glycaemic Index Research 
Service (Sydney, AustraUa) as foUows. Healthy, non-smoking human subjects were 
selected. Pure glucose sugar (dextrose; D-glucose), Sigma-Aldrich chemical company, 
Castle Hill, NSW, Austraha) dissolved in water was used as the reference food. The 
p j5 reference food was prepared the day before required by dissolving 50 grams of pure 
m glucose sugar in a glass of 250 mL of water, which was then covered and stored 
P overnight in a refrigerator. The solution was brought to room temperature about 30 
minutes before serving. 

The test breads were weighed, wrapped and stored in a freezer. The evening 
2Q before a bread was required for testing the next morning, a portion of the bread was 
taken from the freezer and left to defrost overnight. The next morning each defrosted 
portion of bread was presented to the test subject at room temperature. 

"r^® test subjects fasted for 10 to 12 hours the night before thefr test. A fasting 
blood sample was obtained from each subject prior to consumption of the test bread. 
25 The reference food and the test breads were aU served in amounts providing 50 grams 
of available (digestible) carbohydrate. After the subject consumed the test bread or 
reference food, additional blood samples were taken at regular intervals over two hours 
to measure the total two-hour blood glucose response. The two-hour blood glucose 
response for the test food was compared to the two-hour blood glucose response 
3Q produced by the same amount of carbohydrate in the form of pure glucose sugar, the 
reference food, which has a GI value equal to 100. 

The concentration of glucose in the plasma component in each blood sample was 
analyzed in duplicate using the glucose hexokinase enzymatic method (Roche 
Diagnostic Systems, Sydney, Australia) and an automatic centrifugal 
35 spectrophotometric analyzer (Cobas Fara, Roche Diagnostics, Basel, Switzerland). The 
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glucose concentrations in the blood samples for a given test bread or for the reference 
food were then used to graph a two-hour blood glucose response curve, which 
represents the subject's total two-hour glycemic response to that food. The area under 
this two-hour blood plasma glucose response curve (AUG) was calculated in order to 
obtain a single number, which indicates the magnitude of the total blood glucose AUG 
during the two-hour period. A GI value for the test food was then calculated by 
dividing the two-hour blood glucose response value for the test food by the subject's 
average two-hour blood glucose AUG value for the reference food and multiplying by 
100 to obtain a percentage score. For each exemplary bread, the indicated GI value is 
the mean of 10 subjects' individual GI scores for the bread, with the standard deviation 
indicated. 

The baked bread product of the invention has a GI value, as calculated in 
_ accordance with the above method, preferably about 55 or less, more preferably about 

□ 50 or less. As used herein, GI value refers to the mean value based on ten test subjects 

P as calculated based on glucose equaling 100. 

4= 



Example 5 

« " 20 ^ ^^^^^ Vy^o&nci was made having the composition set forth in Table 2, where 

J. each component is indicated as a percentage of the total wheat flour (percentage on a 

g total flour basis). The Uquid ingredients followed by the dry ingredients were placed 

m a Hobart 12 quart mixer with a McDuffy bowl attachment and mixed on low speed 
O for 2 minutes and then on medium speed for 6 min with a water temperature of about 

70°F and a dough temperature of about 78 to 80°F. The dough products were divided 
into 3.5 ounce pieces, rounded by hand and allowed to rest prior to sheeting on a 
laboratory dough sheeter with a 9/16" gap between rollers. The dough was shaped into 
bagels, placed on a baking sheet, dusted with coarse cornmeal, and then held in a 
closed environment at 44<'F for 24 hours. The shaped bagels were cooked in a bagel 
boiler at 204°F for thirty seconds on each side and then placed in a proof cabinet at 
1 10°F. 95% relative humidity. The bagel products were removed from the cabinet after 
approximately 40 to 45 minutes. The bagel products were baked in a rotating gas oven 
at 400°F for about 20 minutes. 

The GI value for the baked bagel product of this example, also set forth in 
Table 2 below, was determined as described above with respect to Examples 1 to 4. 
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Table 2 

Dough 

Stoneground Whole W heat Flour - Fine 
Stonegroun d Whole Wheat Flour - Coarse 
Grain Mix 




30 



The preceding description has been presented with reference to presently 
preferred embodiments of the invention. Workers skilled in the art and technology to 
which this invention pertains will appreciate that alterations and changes in the 
describedproductsandmethodsmaybepracticedwithoutmeaningfullydepartingfrom 
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i r^rS ^ '"e foregoing description 

u r tw l^^^^^ ""'^ *^ -thods described. 

but rafter should be read comistentwith and as support to the foUowingclaimswhich 
are to have their Mlest and feir scope. gciaimswluch 
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